The high spin negative parity states of 108 Ag have been investigated with the 11 B + 100 Mo reaction at 39 MeV beam energy using the INGA facility at TIFR, Mumbai. From the γ − γ coincidence analysis, an excited negative parity band has been established and found to be nearly degenerate with the ground state band. The spin and parity of the levels are assigned using angular correlation and polarization measurements. This pair of degenerate bands in 108 Ag is studied using the recently developed microscopic triaxial projected shell model approach. The observed energy levels and the ratio of the electromagnetic transition probabilities of these bands in this isotope are well reproduced by the present model. Further, it is shown that the partner band has a different quasiparticle structure as compared to the yrast band.
The high spin negative parity states of 108 Ag have been investigated with the 11 B + 100 Mo reaction at 39 MeV beam energy using the INGA facility at TIFR, Mumbai. From the γ − γ coincidence analysis, an excited negative parity band has been established and found to be nearly degenerate with the ground state band. The spin and parity of the levels are assigned using angular correlation and polarization measurements. This pair of degenerate bands in 108 Ag is studied using the recently developed microscopic triaxial projected shell model approach. The observed energy levels and the ratio of the electromagnetic transition probabilities of these bands in this isotope are well reproduced by the present model. Further, it is shown that the partner band has a different quasiparticle structure as compared to the yrast band. Investigation of the band structure and its decay pattern based on symmetry consideration continues to provide new insight into the nuclear structure [1] [2] [3] . Of particular interest is the study of degenerate ∆I = 1 bands observed in transitional nuclei. Transitional nuclei are present in selected regions of the nuclear landscape and their excitations are described using the triaxial deformed mean-field [4] . There are several empirical observations indicating that axial symmetry is broken in transitional regions. The structure of the gamma vibrational bands and their decay provide information about the nature of triaxial shapes. In addition, chiral rotation is uniquely related to the triaxial nuclear shapes with the core rotation aligned along the intermediate axis [5] . The valence particle and hole occupying the high-j orbitals are aligned along the other two axes. Three mutually orthogonal angular momenta can be arranged in a left-handed or a right-handed orientation, thus building a discrete chiral geometry. In general, such symmetry can form when the total angular momentum of a nuclear system has an aplanar orientation, i.e. with considerable projections along all three nuclear axes. Chiral bands based on the πh 11/2 ⊗ νh −1 11/2 configuration for odd-odd nuclei in A ∼ 130 region are now well established [6] [7] [8] . Also, in the mass A ∼ 105 region, indications of chiral bands have also been reported in Rh isotopes based on πg −1 9/2 ⊗νh 11/2 configuration [9, 10] . Recently, Relativistic Mean Field (RMF) calculations [11] predicted multiple chiral bands in some of the odd-odd isotopes of Ag, Rh and In, owing to their triaxial shape. However, in our recent work [12] , lifetime measurements of the excited states of 112 In along with the Tilted Axis Cranking calculations suggest small axially symmetric deformation for this nucleus at lower excitation energy in contradiction to the predictions of RMF calculations. As a part of this investigation to look for multiple chiral bands, the detailed spectroscopy of 108 Ag was studied up to J π = 19 − in the present work. It is worth mentioning that in 106 Rh, an isotone of 108 Ag, a pair of chiral bands have been identified [10] . On the other hand, a pair of coupled negative-parity bands observed in 106 Ag corresponds to different shapes [13] and are not true chiral bands. Recently, the experimentally observed level scheme and measured electromagnetic transition rates in 110 Ag have been compared with the theoretical predictions of a model with two quasiparticles coupled to a triaxially deformed core [14] . The purpose of the present work is to provide new experimental findings for the dipole bands of 108 Ag. A comprehensive and novel investigation of the dipole bands for this nucleus in terms of the microscopic triaxial projected shell model (TPSM) approach has been carried out to understand their structure. Excited states of 108 Ag were produced in an in-beam experiment using the 100 Mo( 11 B, 3n) 108 Ag reaction at 39 MeV beam energy. The 11 B beam was provided by the Pelletron-LINAC facility at Mumbai. The target used was a 10 mg/cm 2 thick self-supporting foil of 100 Mo. The emitted gamma rays from the excited states were detected using the Indian National Gamma Array (INGA) consisting of eighteen Compton suppressed clover detectors. Two and higher fold clover coincidence events were recorded in a fast digital data acquisition system based on Pixie-16 modules of XIA LLC [15] . The data sorting routine "Multi pARameter time-stamped based COincidence Search program (MARCOS)", developed at TIFR, sorts the time stamped data to generate E γ −E γ matrices and E γ −E γ −E γ cubes compatible with Radware format [16] . These data were used to develop the level scheme. The partial level scheme for 108 Ag as shown in Fig. 1 depicts the nearly degenerate bands being discussed in this work. The spins and parities of the levels were assigned by using a directional correlation of oriented nuclei (DCO) ratio analysis followed by linear polarization measurements of various transitions. The spin assignments of the various excited states reported in this manuscript are based on the generic assumption that, for states populated in heavy-ion fusion evaporation reactions, an increase in excitation energy is correlated with increase in spin. The multipolarities of γ-rays were deduced from the angular correlation analysis [19] using the DCO ratio method for two coincident γ-rays γ 1 and γ 2 , given by:
• gated on γ 2 at 90
• I(γ 1 ) observed at 90
• gated on γ 2 at 157
• (1) Here, I(γ 1 ) represents the intensity of γ 1 measured in coincidence with γ 2 . In the present geometry of detectors, the DCO ratios obtained with a stretched quadrupole(dipole) gate are 0.5(1.0) and 1.0(2.0) for pure dipole and quadrupole transitions, respectively. The DCO values of most of the transitions (see Table. I) from the higher levels in these bands were obtained with gates either on 403-or 345-or 506-or 393-keV transitions, all being stretched ∆I = 1 transitions.
Each of the four clover detectors present at 90
• was used as a Compton-polarimeter to assign the electric or magnetic nature of γ-rays [20, 21] . For a Comptonpolarimeter, the polarization asymmetry ∆ of the transition is defined as [20] 
where, N ⊥ (N ) is the number of counts of γ transitions scattered perpendicular (parallel) to the reaction plane. The correction factor a(E γ ) is a measure of the perpendicular to parallel scattering asymmetry within the crystals of the clover detector. For the 90
• detectors this parameter has been found to be 1.00(1) from the analysis of decay data of 133 Ba and 152 Eu radioactive sources. For linear polarization measurements, two asymmetric matrices corresponding to parallel and perpendicular segments of clover detectors (with respect to the emission plane) along one axis and the coincident γ-rays from the other detectors along the other axis were constructed [22] . Then an integrated polarization directional correlation (IPDCO) analysis was carried out. A positive value of the IPDCO ratio indicates an electric transition while negative value for a magnetic transition. The intensities, DCO and polarization observables of the different transitions are given in Table I .
Building on ref. [17] , the present work identifies a pair of degenerate dipole bands with negative parity along with the linking transitions from the non-yrast band to the yrast band (see Fig. 1 ). The yrast negative parity band has been extended up to 19
− with the addition of the 533-, 450-, 528, 1065-and 983-keV transitions. The yrast band transitions up to spin J π = 19 are shown in the spectrum in Fig. 2 . Similarly, the non-yrast negative parity band has also been established up to 17
− . The placement of the 341-and 310-keV transitions have been interchanged in the present work in contradiction with the previous measurement [17] . This new arrangement was confirmed by the identification of the 734-, 728-, 1442-and 936-keV transitions. A few new transitions linking the partner band to the yrast band, like 1456-, 1446-, 1442-, 1246-, 744-, 1162-and 611-keV, have also been identified in the present work. In Fig. 3 the γ-spectrum obtained with the sum of the double gates, shows the transitions of the partner band and the connecting transitions from the partner band to the yrast band. The DCO ratio and polarization data of the 954-keV transition are consistent with an M1 assignment. Thus the non-yrast band has been established to have negative parity. This non-yrast band decays through several γ-rays which connect it to the yrast band. Although the linking transitions are weak, the DCO ratio and polarization for some of these transitions could be measured, as given in Table. I.
Several theoretical approaches have been used to probe the chiral doublet band structures observed in odd-odd nuclei [23] [24] [25] [26] [27] [28] [29] . In most of the studies, particle-rotor and three-dimensional cranking approaches have been employed to interpret the observed chiral band structures. Although, these models have been quite successful to provide some basic understanding of the doublet bands, they have also exhibited some deficiencies. For instance, in the particle-rotor model analysis of 128 Cs, it is noted that the calculated B(E2) transition probabilities depict the opposite trend to that of the observed transitions as a function of spin [7] . In the present work, we shall provide a detailed investigation of 108 Ag using the microscopic triaxial projected shell model (TPSM) approach [30] [31] [32] . Recently, TPSM approach has been extended to include multi-quasiparticle states and this development allowed [17, 18] .
to investigate the γ-vibrational and quasiparticle bands in even-even and odd-mass triaxial nuclei up to high-spin. It has been demonstrated to provide excellent description of the observed properties [33] [34] [35] [36] . In a more recent development, this model has been extended to study the observed band structures in odd-odd 128 Cs nucleus and it has been shown to reproduce the properties of chiral bands quite well, in particular, the observed trend of B(E2) transition probabilities [36] . We have now also performed a systematic investigation of odd-odd nuclei in the mass ∼ 100 region using the TPSM approach and the results of this work are reported in a separate publication [37] . In that theoretical work, six odd-odd nuclei, namely, 104 Ag, 106 Ag, 104 Rh, 106 Rh, 98 Tc and 100 Tc have been analyzed and it is demonstrated that TPSM provides an excellent description of most of the properties of the doublet band structures observed in these systems. As the full details of the TPSM approach for odd-odd nuclei are provided in the separate theoretical paper, here we shall only provide the relevant details of the model analysis which are specific to the nucleus under investigation.
The triaxial projected shell model study proceeds in several stages. In the first stage, quasiparticle states are generated by solving a triaxial Nilsson and pairing (monopole and quadrupole terms) Hamiltonian in the BCS approximation. In the present study, the Nilsson potential with the deformation parameters of ǫ = 0.265 and ǫ ′ = 0.09 has been used. The axial deformation value has been adopted from earlier studies and the chosen value of non-axial deformation corresponds to γ ∼ 19 o [11] . In the second stage, angular-momentum projected basis states are obtained from the intrinsic Nilsson states by using the three-dimensional angular-momentum projection technique. In the third and final stage, these angular-momentum projected basis states are then used to diagonalize the shell model Hamiltonian consisting of pairing and quadrupole-quadrupole interactions. This approach is quite similar to the standard shell model technique except that a projected deformed basis is employed as compared to spherical basis in the standard shell model. The usage of the deformed basis makes it feasible to investigate heavy mass regions with limited configuration space.
The projected basis set with well defined angularmomentum is obtained from the two-quasiparticle configurations that are in the vicinity of the Fermi surface. These projected energies are plotted in Fig. 4 and it is evident from this figure that the lowest two projected bands having K = 3 and 2, originating from the same intrinsic quasiparticle configuration, are nearly degenerate. In the final stage, the projected bands are used to diagonalize the shell model Hamiltonian and these bands having different K-structures become admixed. The lowest two bands, obtained after diagonalization, are displayed in Fig. 5 along with perimental energies of the degenerate dipole bands extremely well. It is noted from the figure that the observed twin dipole bands deviate from each other for lower spin values, but for spin, I=14 and beyond the two bands come close to each other and for high-spin states they become almost degenerate. This feature of the doublet bands is quite well reproduced by the TPSM calculations.
It is quite instructive to explore the structure of the doublet bands after band mixing as it is evident from Fig. 4 that there are many competing bands, in particular, for higher spins. To infer the structure of the bands, the amplitudes of the wavefunctions for the doublet bands are displayed in Fig. 5(b) and (c) . The structure of the doublet bands, as inferred from this figure, is somewhat surprising. It is noted that the yrast band is composed of K=2 and 3 projected configurations originating from the same quasiparticle state. The partner band, on the other hand, is dominated by a K=4 configuration resulting from a different quasiparticle state as compared to the yrast band. This is unexpected as in the band diagram (Fig. 4) , the K=4 band is higher in energy as compared to the K=2 and 3 bands. However, since the K=2 and 3 bands have the same quasiparticle structure, their overlap kernels are larger between the two as compared with the K=4 band. This larger overlap between the two bands pushes one mixed band higher than the K=4 band with the result that the partner band originates from a different quasiparticle configuration. In a recent theoretical study [37] , it is demonstrated that 
partner bands in
104 Ag and 106 Ag are also having a different quasiparticle structure.
We have also evaluated electromagnetic transition probabilities using the TPSM wave functions. The transition probabilities have been calculated using free values for g l and for g s the free values are damped by a 0.85 factor, i.e., 
The above values are consistent with those used in our TPSM study of 128 Cs and also in the companion publications [36, 37] . The experimental B(M1)/B(E2) ratios of the yrast and partner bands are obtained from the intensity of the respective gamma rays. These measured B(M1)/B(E2) ratios are compared with the calculations in Fig. 6 (a) and 6(b) for the yrast and partner band, respectively. The phase of the staggering is consistent with the theoretical predictions. In addition, the measured B(M 1) in /B(M 1) out ratios for the partner band are also plotted in Fig. 6(c) . The interband B(M1)/B(E2) ratios from the partner band to the yrast band are given in Fig. 6(d) varying ǫ ′ of the B(M1)/B(E2) ratios for the yrast and partner bands are shown in Fig. 7 as an illustrative example.
In conclusion, in-beam gamma spectroscopy of 108 Ag has been carried out to investigate the nature of degenerate dipole bands. A dipole band with negative parity has been established and found to be almost degenerate with the yrast band based on the πg 
